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The present report, which is addressed to a 
very basic issue involving the relationship be- 
tween science and our society, was undertaken 
by the National Academy of Sciences on the 
request of its membership at the annual meet- 
ing of the Academy in April of 1963. There 
was an overwhelming opinion among the mem- 
bers not only that the issue was an exceedingly 
urgent one to study, but also that the Acad- 
emy’s Committee on Science and Public Policy 
was a most appropriate body to explore the 
views of the scientific community and to formu- 
late responsible conclusions. 

On behalf of the membership of the 
Academy, I would like to thank the study 
group, including its consultants, for the high 
level of dedication it brought to the task. 

Frederick Seitz, President 

National Academy of Sciences 



Washington, D. C. 
March 19, 1964 
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Preface 



This report had its origin in a resolution, passed by the American 
Society of Biological Chemists in April 1963, urgently requesting 
the National Academy of Sciences “to enunciate the principles and 
philosophy which could serve as a basic policy in the future conduct 
and administration of federal programs in support of fundamental 
research." The resolution described the situation that impelled the 
request in the following terms: 

**The condition of mutual dependence between the federal 
government and institutions of higher learning and research is one 
of the most profound and significant developments of our time. 
It is abundantly clear that the fate of this nation is now inextricably 
interwoven with the vigor and vitality of these institutions. In 
turn, the fate of these institutions is dependent upon the wisdom and 
enlightenment with which federal funds are made available in sup- 
port of their activities. It is imperative, therefore, that the conditions 
governing this mutual interdependence be subject to continuing 
appraisal and that the policy underlying administration of federal 
programs in support of research assures that this relationship will 
continue to be mutually beneficial,** 

Several other scientific societies passed similar resolutions calling for 
consideration by the National Academy of Sciences of federal support 
of basic research in institutions of higher learning. 




7 



The Academy voted at its annual meeting of 1963 to under- 
take an appraisal of the subject as defined in the resolution. In 
June, the Council of the Academy asked the Academy's Committee 
on Science and Public Policy to prepare a report. Almost the entire 
membership of the Committee has participated actively in its prep- 
aration. Moreover, in response to announcements in several scien- 
tific periodicals and to personal letters soliciting the views of the 
membership of the National Academy of Sciences, many comments 
and constructive suggestions were submitted to the Committee. It 
is against the background of the thoughtful expression of many in- 
dividual investigators, therefore, that the Committee has prepared 
this report, taking account of a broad spectrum of opinion among 
scientists. The Committee accepts full and sole responsibility, how- 
ever, for its conclusions. 

The resolution that called for this report was prompted 
by an increasing concern, both in the Congress and in the scientific 
community, about the principles that guide the federal government's 
system of science support in the universities. The sheer size of the 
government's financial stake in research and development might 
alone have triggered this stock-taking. The figure of $14.9 billion, 
so often heard, is not fiscal year 1964 government investment in 
basic research, but rather in its total research and development effort, 
encompassing many military and space development programs. 
Nevertheless, a figure of nearly $1.5 billion (this year) for basic 
research in the United States, of which almost half goes to institu- 
tions of higher learning, is sufficient cause for thought and discussion. 

More immediately, reports of the Intergovernmental Rela- 
tions Subcommittee of the House Committee on Government Oper- 
ations, dealing with grant policy and administrative practices of the 
National Institutes of Health, have marked the beginning of a 
period in which government agencies have been revising their pol- 
icies. Much of the discussion within the scientific community has 
been closely focused on administrative changes of direct consequence 
to the individual investigator. Even the original resolution of the 
American Society of Biological Chemists, however, envisaged not a 
narrow examination of specific issues but a study covering the gen- 
eral policies of all the government agencies supporting basic re- 
search in the universities. The action of the National Academy of 
Sciences confirmed this concern with principles rather than specific 
cases. The swift-moving events of the last half of 1963— the period 
of the deliberations relating to this renort— have amply justified the 
wisdom of emphasizing the fundamental relationships of the govern- 
ment and institutions of higher learning, rather than specific incidents. 

Three main elements have entered into the Committee's 
consideration— the federal government, the institutions of higher 
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learning, and the community o£ professional scientists in these in- 
stitutions, most of whom are also members of teaching faculties. 
These are the same three elements dealt with in the statement of 
the President's Science Advisory Committee entitled, Scientific Prog- 
ress, the Uiiiversities, and the Federal Government, issued in Novem- 
ber 1960, That report set forth a rationale for federal support of 
basic research in institutions of higher learning and reasons why 
the support of basic research and the support of graduate education 
must be merged. The present report is a sequel, in that it accepts 
the major assertions of the report of the President's Committee and 
moves on to consider how the donors and recipients of government 
support should manage their interrelationship. 

One principle dominates all others in the present report: 
The government and the universities must work within two noble 
traditions characteristic of all free societies— the political freedom of 
a democratic people and the freedom of scientific inquiry. The scien- 
tific community, the Congress, and the Executive have long since 
agreed both that a strong and free development of science is a na- 
tional necessity and that accountability for the use of government 
funds is a fundamental part of the exchange by which a people in a 
democracy entrusts power to its leaders, who are in fact and theory 
public servants. Can freedom of scientific inquiry and accountability 
be reconciled? We believe that they can be and must be. We ask in 
this report: What are the policies by which accountable support can 
effectively advance scientific inquiry in the common interest? How can 
inaccurate conceptions of both the necessary freedom for scientific 
research and the accountability of funds be prevented fre-tn stiffing 
the fruits of research— a potent resource of our society not only for 
today but for the future? 

Many im^.ortant matters cannot receive full consideration 
here. Development and applied research claim and will continue 
to claim a large share of money and talent in both government and 
industr)\ In many instances, the scientific community has found the 
surroundings it needs for outstanding work within, the walls of both 
governmental and industrial laboratories as well as in the universities. 
Moreover, the universities have essential purposes that transcend 
basic research, graduate education, and science itself. Nevertheless, 
we shall give but little attention to these considerations, and will 
limit our report for the most part to consideration of federal sup- 
port of basic research in institutions of higher learning. It is at this 
point, where the universities, the government, and the scientific 
community come together, that the issue of reconciling scientific 
freedom with fiscal responsibility appears most clearly and is in 
greatest need of wise formulation of policy and mutually satisfactory 
means of imnlementation. 
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CONCLUSIONS 



The commitment of large public funds for the support of basic 
research in universities has led not only to spectacular growth of 
the scope of scientific effort but also to advances in quality: Ameri- 
can science has reached a position of world leadership. We attribute 
this in no small measure to enlightened policies of several federal 
agencies committed to furtherance of basic research; specifically to the 
current emphasis on support by research project grants and by fixed- 
price research contracts (not too unlike grants), coupled with an 
extensive use of advisory scientific bodies, such as panels or study 
sections, to select scientifically meritorious projects for support. We 
believe that research project grants and contracts should remain the 
backbone of federal policy in support of basic research in science in 
universities. The emphasis on large programmatic ventures and lab- 
oratories which has been manifest in recent times must not lead to a 
loss of emphasis on individual scientists: the individual investigator 
has been and will remain the source of strength in American science. 

Concerning Federal Agencies 

1. The criterion of selection for grant or contract support 
of basic research has been primarily the scientific quality of the work 
proposed. The selection of projects on this basis has come about in 
various ways, but particularly as a result of the judgment of scientists 
well versed in the areas concerned. We believe this merit judgment 
should be retained as a prime basis for federal support. The methods 
of obtaining this merit judgment at present vary; the following meas- 



ures will strengthen and bring greater effectiveness to the judging 
process. 

(a) Federal agencies not presently using study sections or advisory 
panels for the merit rating of research pioposals would improve the 
quality of their research programs by the adoption of these or 
similar devices. 

(b) Membership in the panels and sections should be on a relatively 
short-term rotating basis, and wide circles (in terms of scientific 
disciplines, geography, and function) of the scientific community 
should be tapped for this service. This is necessary because con- 
scientious service on such panels is very costly in time to consulting 
scientific personnel. Moreover, we are convinced that infusion of 
new blood into the sections and panels is conducive to the main- 
tenance of high scientific standards and helps to induce the selection 
of the most original and promising research proposals. 

(c) When panel, section, or consultant activity has resulted in or- 
dering of proposals by scientific merit, the order suggested should 
be seriously considered by the federal agency staffs and modified only 
in special circumstances which are explained to the panel or section 
members. 

(d) Panels and sections should not be involved in detailed evalu- 
ation of proposed budgets, although panel judgments on the general 
reasonableness of proposed budgets should be seriously considered 
by agency staffs. Detailed budget considerations should be the 
responsibility of agency staffs alone. However, panel or section judg- 
ments as to the proper duration of grants or contracts should be 
given considerable weight by the agency staffs. While panels and 
sections must supply the primary judgments regarding scientific 
merit, questions of administrative responsibility and agency policy 
must be dealt with by full-time staff members, and the agency itself 
must assume responsibility for the final decisions with regard to 
awards of grants and contracts. For this reason, we strongly endorse 
the efforts of the government to improve the quality of the career 

2 service, by providing compensation at levels comparable with private 

salaries, and by encouraging staff members to continue their scientific 
and professional advancement. 

(e) Consultation with scientific referees by mail is less satisfactory 
than the panel-section procedures. Where this procedure is used, 
however, it is essential to keep the referees informed as to the 
effect of their advice in each case. Failure to do so is bound to 
lead to less responsible attitudes among referees and in the end to 
purely administrative choices of projects. We do not believe that 
personnel whose main functions are administrative can for long 
retain keen judgment as to what is most promising in science. We 
believe, therefore, that purely administrative mechanisms for selec- 
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tion of worthy research proposals would lead to inferior programs 
and thus to a waste of public funds. 

2. The advantages of grants generally outweigh those of 
fixed-price contracts for basic research. However, research contracts 
have been developed into legal instruments that place few restric- 
tions on the principal investigator beyond those imposed by grant 
arrangements under present regulations. Unfortunately, there is a 
current trend toward introducing into grant and contract negotia- 
tions and regulations administrative restrictions that are inimical to 
effective basic research. We believe that this trend should be reversed, 
with the universities taking increasing responsibility for proper ad- 
ministration of grants and contracts. 

3. We recognize and endorse the fundamental legal prin- 
ciple that public funds may be spent by contractors and grantees 
only for stated purposes, and thus that diversion of funds to other 
purposes cannot be tolerated. We welcome in principle the issuance 
of guidelines concerning the expenditure of grant and contract 
funds. But we discern a recent trend toward unnecessary restriction 
of scientific freedom and increases in the bookkeeping chores of 
scientists in both grants and contracts; we believe that this trend 
will result in lower returns on the investment of public funds in 
science. 

4. The project proposal by an applicant states the purpose 
of the requested grant. The implications of this are not always 
understood by applicants. We believe that many difficulties could 
be avoided if the federal agencies, in their printed instructions for 
the preparation of research proposals, explained clearly the relation 
between the contents of a proposal and the purpose of the grant. 

Scientists should bear in mind in making application for grants that 
the preambles of their proposals define the purposes for which 
granted public funds may be spent. We believe that a project pro- 
posal should include: 

(a) Broad objectives of the proposed research in terms of areas 

of scientific knowledge to be advanced. 3 

(b) Specific early research objectives stated as illustrative of the 
broader aims. 

(c) Scientific tactics (experimental methods) to be employed. 

We also hold that the grant or contract instrument should ex- 
plicitly recognize the broad objectives (a) as its legal purpose. Only 
a deviation from the broad objectives of a project proposal, thus 
stated, should be considered as constituting a change in the purpose 
of the grant, thus calling for special approval from the federal 
agency. 

5. Current regulations concerning the expenditure of grant 
moneys restrict the transfer of funds from one budgetary item to 




another. We believe that tliese regulations are quite proper insofar 
as they deal with the compensation of senior personnel, with travel 
(especially travel abroad), and with improvements in the facilities 
of the grantee institution. On the other hand, we believe that the 
principal investigator should be given maximum latitude in spend- 
ing other grant moneys for the stated purpose of the grant as he 
sees fit. Ordinarily, so much time passes between the preparation of 
a proposal and the expenditure of grant funds that preferred tactics 
change, new equipment becomes available, and so forth. We 
believe that the principal investigator should be free to shift funds 
between budget items of equipment and expendable supplies, and 
that a provision that the principal investigator explain the reasons 
for substantial shifts, in his application for renewal or continuation 
of the grant, would provide an adequate safeguard against misuse of 
grant funds. At the very least we urge that the present limit 
(usually $500) on purchase of initially unspecified equipment be 
increased in some proportion to the total value of the grant. Thus 
principal investigators will be spared a great deal of wasteful paper 
work to obtain, necessarily, either perfunctory approvals or arbitrary 
refusals from remote agency staffs. 

6. The accounting for part-time service of principal inves- 
tigators and other academic personnel in projects supported by re- 
search grants or contracts, whether or not such service is paid for 
with grant funds, must be realistically related to the input of pro- 
fessional effort on the project. We believe that accounting for 
research effort in terms of time input, i.e., in terms of days or hours, 
is unrealistic and can lead to fiscal policies that fail to make allow- 
ances for the nature of scientific research. We recommend that 
accounting for effort of professional personnel on a grant or con- 
tract be expressed in terms of some fraction of the total effort applied 
by the individual to his university duties. 

The full fiscal year of a grant, or the full academic year, is 
recommended as the minimum period of time for which accounting 
4 of service should be made by a university. However, the time periods 

in which individual scientists have no university duties, such as 
summer vacations, may be accounted for separately, 

7. We are not competent to enter into a detailed discussion 
of the problem of appropriate overhead costs. We believe, however, 
that inadequate provision for such costs is harmful to the universities 
as communities of scholars dedicated to the balanced education of 
American youth. We urge that overhead payments be provided for, 
on grants as well as on contracts, based on application of essentially 
the same formula in both instruments. 

8. While we strongly endorse the project grant/contract 
system of research support, we believe that three auxiliary types of 
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support are also necessary for the healthy growth of American 
science. 

(a) The first of these are institutional or general research grants 
related to existing totals of project grants, now being made on too 
modest a scale by the National Institutes of Health and the Na- 
tional Science Foundation. These should be strengthened and broad- 
ened in purpose to overcome serious imbalances created in the 
universities by the growth of existing project research support and 
to meet the need for initial support of new projects. 

(b) The second type is necessary to meet the problem of junior 
faculty members who have dififtculties obtaining support for in- 
dependent research. We believe that a system of small research 
grants— on a modest scale— should be introduced. These would be 
awarded to junior scientists for individual research on the basis of 
a very general outline of their research interests, supported by letters 
of endorsement from senior scientists personally acquainted with the 
work of applicants. Aside from an agreed sum as reimbursement 
to the grantee institution for work of the applicant, the budget 
should provide only for supplies and smaller items of equipment, 
but should not be broken down into component parts. The grantee 
investigator should, within the purpose of the grant, be allowed 
to pursue such researches as appear most fruitful to him in the 
broad area defined in the application. Some truly original ideas 
and discoveries have come from young scientists, and we cannot 
afford to tie them down to narrowly defined research objectives. 

(c) The nation faces the problem, in addition to that of rapidly 
growing population, of an even faster-growing need for highly edu- 
cated personnel. This, we believe, makes the eflEorts to increase the 
number of strong educational institutions a matter of first impor- 
tance. Therefore, we urge a third type of auxiliary support: a 
distinct and selective program of research grants to be made available 
to some weaker institutions on the basis of demonstrated will to 
utilize new funds to raise the level of research and graduate educa- 
tion. The number of strong institutions must grow. We recognize 
that the framing of criteria by which such grants can be awarded 
is not an easy task, and invite careful study of the problem by a 
competent task force. 

9. We subscribe to the conviction, expressed in the Presi- 
dent's Science Advisory Committee 1960 report. Scientific Progress^ 
the Universities, and the Federal Government, that research and the 
graduate education of young scientists are intimately related. Con- 
siderable progress has been made in modifying federal agency policies 
to adapt them to this principle since the issuance of that report. 
We urge continuing review of such policies in the same direction; 
only thus can the nation be prepared for the future. 



10. In surveying the practices and regulations of the sev- 
eral federal agencies engaged in support of basic research, we find 
an extraordinary diversity. At the same time we find a growing 
tendency to provide the same principal investigator with multiple 
grants and contracts, often from different agencies, to support 
closely related facets of his work. 

We recognize the advantages of some variation in the prac- 
tices of the several agencies, and of multiple sources of support 
where a principal investigator is engaged in resea rch toward several 
objectives. We believe, however, that the prese’it situation forces 
investigators to devote too much time to detailed accounting and 
other non-productive administrative matters. We urge that vigorous 
efforts be undertaken (a) to simplify and align the requirements of 
the several agencies regarding preparation of research proposals, 
accounting, progress reporting, and similar matters, and (b) to re- 
duce the need for multiple support by more inter-agency agreements 
designating a single agency to provide total support of an investi- 
gator's work in a given scientific area. 

Concerning the Universities 

11. A clearer recognition by university administrations of 
the purpose of federal project grants and contracts for basic research 
is an essential requirement. 

12. In dealing with federal agencies, university administra- 
tions should assert more clearly and emphatically the central purpose 
of American universities: the advanced education of American youth 
integrated with the scholarly activities of teachers; in the natural 
sciences these activities take primarily the form of scientific research. 
This purpose is not inconsistent with the purpose of the federal 
government in providing grants and contracts for basic research. 
It should be stated and restated lest both the government's purpose 
and the purpose of the universities be obscured by the administra- 
tive practices of the agencies. 

13. University administrations, certainly no less than federal 
agencies, can defeat the basic purpose of federal grants or contracts 
for project research by their policies; for instance, by imposition 
of unnecessary bureaucratic controls and red tape on principal in- 
vestigators, or by neglect of the investigator's problems in dealing 
with federal agencies. We urge a more consistent policy of positive 
cooperation between university administrations and the faculties en- 
gaged in research under federal sponsorship. The specific organi- 
zational forms such a policy calls for depend upon local circum- 
stances. One form, which we believe could be widely useful, is a 
joint committee or board, made up of representatives of the ad- 
ministration, the faculty engaged in research, and supporting staff. 



Some of tlie responsibilities that should be assumed, or 
acted upon more consistently, by university administrations are as 
follows: 

(a) There should be a clear definition of the mutual respcmsibili- 
ties and authority of university administrations and principal inves- 
tigators under grants and contracts. 

(b) There should be a review of research proposals by faculty per- 
sonnel to ensure only that they are not inconsistent with the concept 
of the university as a community of scholars engaged in both educa- 
tion of youth and the advancement of knowledge. 

(c) There should be assistance to faculty personnel in the prepara- 
tion of research proposals, to ensure that the wording of the proposals 
will not place undue restrictions on the scientific freedom of principal 
investigators. 

(d) Principal investigators should be educated in the responsibili- 
ties that they assume when using federal funds in support of research. 

(e) There should be an explanation to faculty personnel, primarily 
principal investigators, of the purposes for which overhead funds 
and institutional grants are being spent. Understanding of this will 
reduce rather widespread misunderstandings among faculties and 
assist in developing more harmonious relations between faculties and 
university administrations. 

(f) Principal investigators should be relieved of as much budg- 
etary work as possible, kept informed of the status of and commit- 
ments under grants and contracts, alerted to the possibility of dis- 
allowance of certain expenditures, and in other ways apprised of 
essential fiscal requirements. 

Concerning the Scientific Community 

14. We believe that understanding of the purpose of the 
federal support of basic research by the project grant/ contract system is 
not sufficiently widespread in the scientific community. Grants and 
contracts are given as trusts to institutions for a purpose, which is 
substantially as described by the principal investigator in his proposal. 
The investigator assumes a major responsibility in accepting federal 
funds and has an obligation to account for their proper use. Accept- 
ance of a grant commits him to a conscientious effort to achieve its 
stated purpose; he acquires no other rights to the granted or con- 
tracted funds. 

15. To make the project grant/contract system consistent 
with essential freedoms of scientific research, the substance of project 
proposals must be properly formulated. We have described (con- 
clusion 4) the general form of proposals that should be acceptable 
to federal agencies and that should minimize the problem of overly 
restrictive interpretation of the purpose of a grant. We urge the 



scientific community to present proposals in accordance with the 
recommendations contained in conclusion number 4. 

16. The quality and effectiveness of the project grant/con- 
tract system can be no better than the scientific community makes 
it, by conscientious and enlightened service on panels, st* /^y sections, 
and other advisory bodies and as consultants in the selection of the 
best research proposals. We urge the scientific community to see such 
service in this light and to give time willingly to it. 

17. In concluding our findings, we want to remind that part 
of the total scientific community to which we address ourselves that 
they, being part of the university community, are part of a society 
of scholars; that they have an obligation to their society: to share 
in the education of youth as well as in advancing scientific knowledge. 

The federal government, the universities, and the scientific commu- 
nity have entered into an enlightened partnership whose common 
purpose is the advancement of scientific knowledge and the upbring- 
ing of younger cadres to continue this task. This report is but a 
reminder of this central fact and an attempt to set out a few simple 
guidelines that should reduce some mutual irritations and help the 
partnership in its grand purpose of advancing the welfare of our 
nation and of all mankind. 



INTRODUCTION 



The Role of Basic Research and of the Scientist 
in Mid-Twentieth Century America 

Characteristics of Basic Research 

The objective of basic research is to increase our under- 
standing of nature. The objective of development and of applied 
research is to apply such understanding to human uses. Because a 
use for some result of basic research is not immediately apparent, it 
need not remain useless forever; on the other hand, it is not to be 
taken as inevitable that it will become useful. Centuries of experience 
demonstrate the likelihood that some results of basic research will 
prove useful and that it is often impossible to foresee before the 
research is carried out which results will be useful and which not. 
The total cost of all basic research in progress in a given period 
may be more than repaid by the long-lasting benefits from the uses 
of even a small part of the result. 

By definition, the objectives of basic researcu, in contrast 
with the objectives of developmental research, are exploration of the 
unknown or little known. Frequently it becomes apparent in the 
course of research efforts that a different approach must be taken in 
order to realize anticipated objectives. It is then folly to insist on 
proceeding according to the original plan, and so to fail or to delay 
progress toward meaningful results. An investigator, necessarily being 
unable to describe in advance the discoveries that will be made in 
the course of his research, should not be expected to adhere to a 
course mapped out in advance. I rogress is the measure of his suc- 
cess, and progress is initially oriented by a particular question or 
set of questions, by tentative experimental plans, by tentative indica- 
tion of usable techniques and methods. As the investigator proceeds 
from such a starting point, subsequent developments may indicate 
that the initial plans, experiments, or methods are less promising 
than anticipated or even that they will not lead to significant results. 
Responsibility as well as wisdom then dictates that they should be 



replaced by other questions, experiments, or methods. Retaining 
the original approach runs the risk of forcing a change in the direc- 
tion of the research, while a new formulation may actually be re- 
quired for satisfactory progress of the kind originally anticipated. 

The Scientific Community 

The community of scientists is not a formal organization 
limited by any membership list or even by national boundaries. No 
single leader anywhere has an authorized right to speak for the whole 
of it. Membership is based on scientific accomplishment. It has 
been in existence at least since the seventeenth century, and over 
the years it has graduai/y developed the means of publication and 
continuous internal criticism by which thr results of research and 
interpretations of them are checked and winnowed. The various 
fields of science are “disciplines'" in the literal sense of the word, 
for the scientific community has developed the apparatus by which 
the results of its activity are continuously subject to scrutiny 
and criticism of the most searching sort. The great and evolving 
strength of this disciplinary system stems from the continuous 
exercise of objective judgment by the scientific community concern- 
ing the validity and significance of scientific findings. The expres- 
sions “freedom of science" and “freedom of scientific inquiry" refer 
to the intellectual freedom of the scientist to conduct his research 
and reach hb conclusions in his own way, and then to test them 
against the judgment of his peers. These often-misunderstood ex- 
pressions do not refer to special political or economic freedoms but 
to the reasonable contention that experienced scholars and inves- 
tigators have the best prepared minds in their own fields for devising 
patliways to new knowledge and for interpreting what they find 
as they progress. 

World Leadership in Basic Research Has Shifted to the United States 

Though no longer a colony of Great Britain, the United 
States remained colonial in its research institutions long after 1776. 
Indeed many scientists living today grew up in an atmosphere of 
awe toward the great European centers of learning. When James B. 
Conant looked out over the assembled delegates at the Harvard Ter- 
centenary in 1936, he could feel that his university, for all its re- 
sources, still had only a modest place among the ancient and illustrious 
centers of research and education in the western world. At the com- 
mencement in 1947, when he and Secretary of State George C. 
Marshall looked out on the assemblage and contemplated the wreck 
of western Europe, they both saw that the United States had a new 
and unique responsibility. It w'.s on this occasion that the Secretary 
of State made the speech that led to the Marshall Plan. Just as the 



American people responded to the call of Marshall for the rehabilita- 
tion of Europe, the American university md the American segment 
of the scientific community had to respond to the clear demand of 
history that they assume the responsibilities of world leadership. 

This fundamental change of position coincides with the rise 
of federal upport for scientific research. World leadership could 
not possibly have come to the United States if the government had 
not possessed both the enlightenment and the mechanisms to allow 
American scientists to take up the challenge. Yet the new leader- 
ship was not entirely a matter for self-congratulation, since it was 
born of the misfortunes of civilization as well as of American action. 
American leadership in basic research had its roots in the blood shed 
along the Somme and the Marne and at Verdun. The destruction 
of the freedom of the German university system by the Nazis played 
its part. Twice-sacked Louvain served as a symbol for the destruc- 
tion of institutions of higher learning. One of the more inspiring 
features of this gloomy scene is the fact that many victims of war 
and totalitarianism found opportunities in the United States for the 
brilliant research of wL!':h they were capable. 

Statistical measures give only a pale indication of the extent 
of the American assumption of world leadership in basic research. 
The percentage of Americans among the foreign memberships of the 
great academies of Europe went up very steeply after 1945. The 
award of Nobel prizes is another measure of quality in certain fields 
of science. In the years 1900 to 1930, Americans received only 4 of 
92 awards. In the decade 1931 to 1940, the United States was still 
represented by only 9 of 34 awards. Yet, in the decade 1941 to 1950, 
the number rose to 15 of 36 awards, and, in the decade 1951 to 
1960, to 27 of 52 awards, or about half. In 1933 in key British 
and German scientific journals, references to American work were a 
small fraction of all references to foreign sources. In 1963, refer- 
ences to American journals exceed considerably in number those 
to all other foreign journals. The use of such means of measurement 
is nat necessary, however. Common observation affords massive and 
persuasive proof that the United States has assumed a large role 
in basic research since 1945. 

Has Federal Support Been a Boon to Science? 

The United States has achieved scientific leadership by 
being willing to invest heavily in science. American leadership and 
federal support have joined to make the mid-twentieth century a 
brilliant period in the history of science. The period since 1945 
has been amazingly productive of scientific advances. 

Physics has moved into one of the great ages of its history 
as experimentation with ever higher energies has made it possible 



to get at the particles that make up the nucleus of the atom. With- 
out large accelerators, which cost many millions of dollars provided 
by federal support, physicists would be shut out from many lines 
of investigation. Yet these great accomplishments of experimental 
nuclear physics have been only part of the story. Progress in solid- 
state physics has been spectacular. Many groups have developed 
skills in theoretical physics unknown in the United States 30 or 40 
years ago. Out of the basic research has come a flood of applications. 
The fission of uranium and thermonuclear reactions have, of course, 
been used in the bombs. But nuclear reactors are also used for 
peaceful purposes, such as the production of electric power. The 
theory and experiments of solid-state physics lie behind the devel- 
opment. of the transistor. Masers and lasers, undreamed of and 
unnamed a few years ago, now attract both scientific and public 
attention. The general picture in American physics is one of vigorous 
activity and significant progress, with no slowing down in sight. 

In chemical science, a new and deeper understanding of 
molecular structure and behavior has come into being, due in large 
part to American initiative. Skillful use of totally new and costly 
techniques, such as nuclear magnetic resonance, electron spin res- 
onance, and microwave spectra, for example, has played an im- 
portant role in this progress. The new understanding is the founda- 
tion beneath many of the developments of new materials for agri- 
culture, textiles, structural materials for almost all of modem indus- 
try, power production, communications, and biological manipula- 
tion of all sorts, particularly chemotherapy. Chemistry has also been 
stimulated in the post-war period because its lines of research have 
tended to converge with those of physics and biology. On the one 
hand, the discovery of the transuranium elements is closely akin to 
nuclear physics; on the other hand, the discovery of the biological 
activity of nucleic acids has brought chemistry into central prob- 
lems of genetics by making possible the study of the gene at the 
molecular level. All this work requires electron microscopes, ultra- 
12 centrifuges, mass spectrometers, and similar equipment to proceed at 

all. No university can hope to acquire much of such equipment 
without assistance. It also requires many investigators trained to 
new standards of excellence in chemistry and, at the same time, much 
more aware than their predecessors of developments in other fields. 

Biology has moved into a spectacular new biochemical and 
biophysical era marked by fruitful concentrated attacks on its sim- 
plest and most fundamental phenomena. The genetic material was 
shown to be nucleic acid. The structure of DNA was discovered, 
and this led quickly to understanding in molecular terms the repro- 
duction, mutation, and action of the gene, and later to deciphering 
the genetic code. These are among the greatest scientific advances 






of all time. They shed a brilliant new light on age-old questions of 
the origin and nature of life. They have led to new insights into the 
nature and action of viruses, major agents of disease. Extension 
of all these revolutionary findings to man is initiating what will 
surely prove to be a period of great progress in understanding 
human genetics, physiology, and pathology. Side by side with these 
biochemical achievements, which include many other things such as 
deeper and fuller understanding of photosynthesis, upon which 
our supply of food and energy ultimately depends, have also come 
biophysical achievements such as those in radiation biology and elec- 
tron microscopy. The latter, by opening up a new order of visibility, 
has revealed previously unsuspected similarities of cellular structure 
in all living creatures and is leading to corresponding advances in 
understanding cellular functioning. 

The shift to biochemical and biophysical molecular biology 
has not, however, rendered classical fields less fertile. Ecology, animal 
behavior, and many other older areas have become major objects 
of investigation in new and promising ways. Genetics has put new 
life in biological research that many gossips thought moribund- 
taxonomy, for instance. The new style of work in biology is heavily 
dependent upon modern physical instruments— such as electron 
microscopes, ultra-centrifuges, spectrometers, scintillation counters, 
amino acid analyzers, computers, and the like. Skilled technical 
assistance is needed in their use. Again, no university is able, unaided, 
to keep pace with the demands. 

Mathematics in the United States has moved from colonial 
status to a position of pre-eminence. The solution of a famous un- 
solved problem by George D. Birkhoff in 1913 was an American 
scientific landmark. Such events have been rare. Since 1959, how- 
ever, young American mathematicians have contributed to the solu- 
tions of at least five problems of comparable importance. In every 
case, some of the work involved in these solutions was supported 
by a government agency. Mathematics has also moved into an im- 
portant auxiliary position in almost every line of research. 13 

The role of science in modem society has recently been 
described by the President of the National Academy of Sciences, Dr. 

Frederick Seitz, in the following terms: 

**It is important to note that the first support of science in 
European society was provided by the enlightened aristocracy in 
a desire to increase that enlightenment Everyone hoped that tht 
work of the scientists would prove useful, but did not demand iU 
In this period, well before the Industrial Revolution, it was con- 
sidered sufficient to get more understanding of the laws of nature 
relating to matter and energy, to understand more about such 
thinzs as the shape and size of the earth, the distances to the moon. 
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the planets and the sun, and to classify the various forms of life which 
are found on the earth. 

''Events proved that the systematic knowledge and general 
concepts which came out of science were exceedingly valuable in 
helping man to live more nearly in harmony with nature in countless 
ways. They lightened his burdens and made him more free. The 
useful aspects of science were greatly magnified once the Industrial 
Revolution got under way in the seventeenth and eighteenth cen- 
turies. At first, the engineer, who was responsible for the Industrial 
Revolution, found that only portions of science were useful, and 
even then, only in a limited way. 

"In our century, the discoveiies of science have become :o 
complex that the scientist has had to work hand in hand with the 
engineer in exploiting them for practical purposes. This coopera- 
tion between the scientist and the engineer is now so close that the 
person who is not a professional scientist or engineer is quite apt to 
think of science almost exclusively in terms of applications. I wish 
to emphasize, however, that the uses of science for human welfare 
in areas such as energy conversion, communications, and medicine 
are always accompanied by contributions to human enlightenment 
which lift our minds fanher and farther from the primitive origins 
of the pastf* 

We believe that the scene in basic research would be far 
different if the federal government had not played a positive role. 
The federal government, the universities, and the scientific com- 
munity have worked togetlier lo make this present age of science 
possible. Indeed, one of the o utstanding accomplishments of the 
democratic system of government in the United States over the last 
25 years had been the forging of a durable and flexible alliance be- 
tween government and science. In its totality, the system of support 
of research in the universities by federal funds is a fine example 
of responsible government in action. The system has been made 
of different pieces at different i imrs, and only a complicated statistical 
analysis can define the extent of the relation. However, from the very 
breadth and complexity of the system stems a lack of public under- 
standing, even among people who have had experience witli parts of it. 

Clearly the system was not created in secret, as some con- 
clude, without the consultation and support of the people's repre- 
sentatives— the Congress, on the one hand, and the spokesmen for the 
scientific community on the other. Some of the best legislative talent 
of a generation laboriously shaped its components, and the procedures 
have been thoroughly tested at every level of the government. The 
story of the fashioning of the system is worth the telling in brief 
form simply because, so well known in its discrete parts, it is so 
seldom put together for consideration as a whole. 
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The Heritage Available in 1939 



Congress and Science 

The Congress has had continuous and fruitful relations 
with science ever since the early days of the republic. Long before 
the end of the nineteenth century, it had learned some obvious 
lessons about the administration of science. For instance, the attempt 
by the Joint Library Committee to arrange for the publication of 
the scientific results of the Wilkes Exi>edition (the first major national 
effort in the professional use of scientists in exploration, 1838-1842) 
had demonstrated the inappropriateness of any attempt by Congress 
to oversee directly a scientific enterprise in every technical detail. 
Congress had played its part in the creative resolution of tlie problem 
of overlapping scientific jurisdictions when the United States Geo- 
logical Survey was established in 1879. If larger appropriations for 
the scientific work of the government were not always forthcoming, 
they were not withheld after 1865 because of any theoretical doubts 
about the propriety of federal support. i The Allison Commission 
amply aired the whole subject between 1884 and 1886. 

One characteristic of the governmental posture toward 
science in the nineteenth century is worthy of special note: the Con- 
gress at no time took a stand against the government's participation 
in basic research. Through the continuous spectrum of scientific 
activities, from the pursuit of knowledge for its own sake to the 
intensive application of the fruits of research, the government was 



^ A. Hunter Dupree, Science in the Federal Government: A History of Policies and 
Activities in 1940 (Cambridge, Massachusetts, 1957) , 78, 195-214, 380. Professor 
Dupree's study was supported by a grant horn the National Science Foundation. 



